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Fig. 2. Comparison of acoustic pressure in the 
simulation (solid) and a formulation (dashed) which 
regards surface shear-stress fluctuations as a valid 
source o f  sound. 

region near the origin. The sound field is  of dipole 
character. The second figure shows that the com- 
puted amplitude of the sound field (solid line) agrees 
with a formulation (dashed line) that regards shear- 
stress fluctuations as acoustically compact and as a 
genuine source of sound. The argument presented 
above, against shear-stress fluctuations being a valid 
source, fails because even at the acoustic wave- 
length, the flow itself evidently makes a larger 
contribution to the shear-stress spectrum. 
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Aeronautics Design/Test Environment Phased Microphone 
Array Technology 
Michael Watts 

Noise has become a major driver in the design of 
aircraft. The development of low-noise aircraft within 
a rapid design-cycle process requires that the noise 
design be done concurrently with other disciplines 
such as high-lift aerodynamics and landing gear 
development. Phased Microphone Array Technology 
(PMAT), currently being developed as part of the 
Aeronautics Designnest Environment effort to 
expand the role of the wind tunnel in the overall 
aircraft development process, shows great promise 
for attacking the noise design problem, as well as for 
being an instrumentation system that can be run 
concurrently with aerodynamic, performance, 
controls, and structural loads testing. Because it is 
nonintrusive, PMAT i s  compatible with optical 
measurement technologies that are being developed. 
Implementation of the array measurement capability 
wil l allow designers to evaluate the  acmls t i r  effect nf 
design details in parallel with the aerodynamic 
development. This wil l result in a significant 
improvement in the present design-cycle process. 

In classic acoustic testing, the result i s  generally a 
spectral plot from a single microphone. Although this 

i s  informative, it can be ambiguous, for the spectrum 
contains noise from the environment as well as the 
noise generated by the test object. PMAT allows 
researchers to reduce the effect of the background 
noise and to locate noise sources coming only from 
the item being tested. This level of detail from the 
array results shows true effects of parameter changes, 
while it also reduces the corruption of the signal from 
the background noise. The figure shows the reduced 
noise as seen in the spectral plots, but also allows the 
researcher to see the localized effects of installing the 
flap fences. This detailed information could not have 
been acquired without PMAT. 

PMAT integrates several instrumentation, com- 
puter, and high-speed network systems to produce 
noise maps at specified frequencies. Sources of noise 
on aircraft and engine models are identified and 
isolated thrni-igh cnmpc!tatiQna! ana!ysis nf the  signa!^ 
received from the microphone array. The signals are 
measured with a 100-element microphone array 
mounted in the wind tunnel and processed on a 
supercomputer. The current system has the capability 
of returning results for 200 frequencies within about 

G I  o b a I C i v i I R v  i a t i 0 n I E N V I R O N M E N T A L  C O M P A T I B I L I T Y  



I 

Aeronautics and Space Transportation Technologq Enterprise 63 

Demonstrates the ability to localize noise 
sources (flap and slat edges). 

Shows relative amplitude of 
localized noise sources. 

Results obtained during runs provide 
immediate feedback to researcher. 

PMAT complements single 
microphone measurements. 

Flap edge treatments show promise in meeting 
AST airframe noise reduction goals. 

A) PMAT noise map without flap fence 

Traverse Single Microphone Spectra 

B) Flap fences installed 

0 20 40 60 80 100 
Frequency (kHz) 

B) PMAT noise map with flap fence 

8 minutei during a \ \ , i d  tunnel run. Results of the 
processing are displayed using a simplitied, user- 
iriendl), interface to the Flow Analysis Software 
Toolkit sottit are previously developed at Anies 
Reiearch Center, as \\ell as an interface developed 
l x  the PMAT team. The processing ot each test point 
is pertornled hefore the next test condition i s  estah- 
lished. This quick turnaround of data alloLvs research- 
ers io guide [l ie iesiiris io riidke i l ie best use ~i the 
test time a\,ailahle. 

In 1997. svsteni sntt\vare tor the current wstem. 
running on an HPVXl ,  was developed and checked 

out, harcl\varI.c \\'as acquired and assenililed, and the 
sy'stem \,\'as successiull!, tested in an anechoic 
environment in preparation ior the tirst test in the 
Xmes 7-  IN 1 0-Foot \I'ind Tunnel in early 1998. The 
soit\Lare \\'as also tested on data acquired trom a n  
array' during a Boeing \viiid tunnel test. 
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